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The present invention relates to a process for 
the separation of liquid mixtures which are amen- 
able to separation by preferential adsorpti.on on 
a solid adsorbent wherein both the adsorbed and 
non-adsorbed fractions of the feed liquid are re- 
covered and the adsorbent is regenerated for re- 
use, and more particularly to a process for the 
.separation of petroleum hydrocarbons by the 
preferential adsorptive action of a solid adsoïb- 
enk 
The phenomenon of liquid phase preferential 
adsorption has been described as a tendency for 
a solute to change its concentration in a surface 
film of a solution whenever a change in the sur- 
face tension of the solution is effected thereby. 
The presence and extent of the phenomenon can 
be determined for any given mixture by bringing 
the mixture into contact with an adsorbent 
which in normal usage is a solid with a large 
amount of available surface. For example, the 
introduction of an adsorbent such as sflica gel or 
activated alumina into a mixture of toluene and 
isooctane will result in a decrease in the concen- 
tration of toluene in the solution. The material 
adsorbed is a mixture of toluene and isooctane in 
which the toluene concentration is higher than 
it was in the original solution. Toluene is there- 
fore said to be preferentially adsorbed from the 
toluene-isooctane solution. Similarly, it is round 
that, in the çreatment of a v.ariety of liquid mix- 
tures with a variety of solid adsorbents, the ad- 
sorbents commonly show an adsorptive prefer- 
ence for one or more of the components of the 
mixture. 
In the interest of breviy and clarity in the fol- 
lowing description and discussion, the following 
designations of the liquids used in, and produced 
by, the adsorption process are adopted: 
The liquid undergoing separation will be re- 
ferred to as the liquid feed. 
The preferentially adsorbable fraction of the 
feed removed from the adsorbent as a product of 
the process wili be referred to as the "adsorbate." 
The residual non-preferentially adsorbable 
fraction of the feed recovered as a product of the 
process will be referred to as the "percolate." 
A liquid used to remove the adsorbate from the 
absorbent will be referred to as a "desorbing liq- 
uid" or "desorbent" if it is a liquid for which the 
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adsorbent shows a greater adsorptive preference 
than that shown for the adsorbate. 
A liquid used to remove the adsorbate from the 
absorbent will be referred to as a "stripping liq- 
5 uid" or "strippant" if if is a liquid for which the 
adsorbent shows a lower adsorptive preference 
than that shown for the adsorbate. 
lecognition of the fact that adsorbents com- 
monly show an adsorptive preference for one or 
l0 more components of mixtures with which they 
may be brought into contact, indicated the feasi- 
bility of employing an adsorption process to 
fect separations which could hOt readily be ruade 
by the usual methods of distillation, crystalliza- 
15 tion, and the like, and numerous commercial sep- 
arations by adsorption were developed. In the 
earlier developments, as in the Gray Process, the 
adsorption was directed to the removal of im- 
purities present in low concentration, and no 
20 tempt was made to recover the adsorbed material. 
In other of the earlier processes no attempt was 
made to reactivate the spent adsorbent. More 
recently, vapor phase separations by adsorption 
have been effected wherein both the adsorbed and 
25 non-adsorbed substances have been recovered. 
About ten years ago the National Bureau of 
Standards developed an analytical procedure 
based on liquid phase adsorption wherein both 
the adsorbed and non-adsorbed substances were 
30 recovered. 
The diculty of developing an economically 
feasible method of desorbing the adsorbate and 
reactivating the adsorbent for re-use has been 
a persistent obstacle in the path of commercial 
35 success in a large-scale liquid phase adsorption 
separation process. In the past, the adsorbent 
has been reactivated by treatment wïth super- 
heated steam or hot gas, or by treatment with a 
very strongly adsorbed desorbent followed by 
0 steam or hot gas reactivation. Such a method, 
involving the heating and cooling of adsorbent 
materials which are characteristically poor hëat 
conductors through large temperature intervals, 
presents an obvious disadvantage in a large-scle 
45 operation. 
It is well known that adsorption is an equiIib- 
rium process of the dynamic and reversible type. 
When a feed mixture is brought into contact 
with a solid adsorbent, this type of equilibrium is 
60 realized after the lapse of a definite period of 
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rime and, upon such realization, no further 
change occurs in the relative concentrations of 
the components of the adsorbed and non-ad- 
sorbed ïractions of the feed mixture. Ail of the 
components of the mixture are being continu- 
ously adsorbed and desorbed, but af equilibrium 
the rates of adsorption .and desorption are equal 
for each comportent, hence, no net change in 
relative concentration is produced. A net change 
in relative concentration may, however, be in- 
tentionally produced by changing one or more 
of the conditions under which the state of equi- 
librlum exists in the particular system. For ex- 
ample, if the feed mixture in contact with the ad- 
sorbent is replaced by a feed mixture which is 
ficher in the preferentially adsorbed comportent, 
further net adsorption of this comportent wiil 
occur. Contrariwise, if the feed mixture in con- 
tact with the adsorbent is replaced by a feed 
mixture in which the preferentially adsorbed 
comportent is present in lower concentration, net 
desorption of this component wfll occur. If the 
feed mixture in contact with the adsorbent is 
replaced by a liquid composed entirely of material 
for which the adsorbent shows a lower adsorptive 
preference than that shown for the preferentially 
adsorbed fraction of the feed mixture, such liq- 
uid will tend to remove the preferentially ad- 
sorbed fraction of the feed mixture from the ad- 
sorbent and to regenerate the absorbent for re- 
use. To effect a substantial desorption and re- 
generation in this manner, however, will require 
circulation over the adsorbent of a relatively 
large volume of non-preferentiaily adsorbed liq- 
uid and the consequent introduction of the sec- 
ondary recovery problem of separating from this 
liquid.the desorbed comportent. 
DiffIculty is encountered in achieving economic 
secondary recovery because of the large volume 
of non-preferentially adsorbed stripping liquid 
which must be used fo effect desorption regenera- 
tion, especially if a batch type operation be em- 
ployed, with the result that a large volume of the 
stripping liquid, together with the material which 
if bas removed from the absorbent, must be dis- 
tiiled or otherwise separated. Any adaptation 
of this principle of adsorbent regeneration in 
which the volume of liquid required tobe treated 
in secondary recovery operations is substantially 
reduced would provide an economicaily attractive 
alternative fo the heat regeneration methods of 
the past. 
The processes for effecting separation by pref- 
erential adsorption which bave been proposed in 
the past are of two types, batch operations em- 
ploying a fixed adsorbent bed, .and continuous 
operations in which the solid adsorbent is moved 
through the separatory system. 
The continuons adsorption processes which 
bave been suggested are of the moving adsorbent 
bed type and require the use of adsorbent par- 
ticles sufficiently large to permit fall counter- 
current fo the upfiow of feed mixture in the ad- 
sorption zone. Mechanical means are used to 
transport the adsorbent from the adsorption zone 
fo regeneration and back to the adsorption zone 
for recirculation. The use of large adsorbent 
particles presents two serious disadvantages. 
First, the rate of attainment of equilibrium varies 
inversely with a power of the particle size, con- 
sequently, substantial disadvantage in respect to 
the rate of attairnnent of equilibrium attends the 
use of large particles. Second, many adsorbents 
show progressive flning in a series of adsorption- 
desorption cycles and this is aggravated by me- 
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chanical handling of the particles. These fines 
must be removed and replaced by large particles 
in order to maintain an operable average par- 
ticle size. The fining of the adsorbent frequently 
5 increases with particle size, hence, moving bed 
operations which are limited to the larger par- 
ticles for the reasons discussed above are ata 
ïurther disadvantage. Such a continuous ad- 
sorption process, however, bas the advantage of 
10 continuity of operation and of countercurrent 
fiOW. 
Batch operations which have been suggested 
are of the fixed adsorbent bed type in which the 
feed is first caused fo flow through the adsorbent 
15 bed, then ifs fiow is interrupted and a stripping 
medium is caused fo fiow through the bed. Oper- 
ation is not countercurrent and the usual disad- 
vantages of batch operations generally apply to 
such adsorption processes. However, the fact 
20 that the batch operation employs a flxed ad- 
sorbent bed makes possible the use of adsorbent 
particles much smaller than those which would 
be operable in the continuous operation de- 
scribed. For example, the particles employed in 
25 the batch process may well be only one-tenth the 
size of those required in the continuous process, 
which means that the diffusion rate and the rate 
at which equilibrium is reached in the batch proc- 
ess wfll be approximately one hundred rimes the 
30 rate for the continuous process. This is a sub- 
stantial advantage. 
It is an object of this invention to provide a 
commercially practicable process for the separa- 
tion of liquid mixtures amenable fo separation 
35 by preferential adsorption by a substantially con- 
tinuous liquid phase preferential adsorption proc= 
ess wherein the diflïculties which attend the em- 
ployment of a moving mass of adsor.bent parti- 
cles are avoided and in .which the adsorbent par- 
t0 ticles employed may be substantiaily smaller 
than those employed in a continuous process uti- 
lizing a moving adsorbent bed. 
It is a further object of this invention fo pro- 
vide a method for the recovery of the adsorbate, 
te and reactivation of the adsorbent wherein the in- 
ventory of adsorbent required, and the volume of 
material to be treated in secondary recovery proc- 
esses, shall be substantially smailer than that 
which would be required if batch operations were' 
0 employed. 
leferring to the ppended drawings: 
Figure 1 is a diagrammatic representation of 
the flow pattern in the first part of a cycle of 
operation in th.e process of this invention. 
 Figure 2 represents the flow pattern in the lat- 
ter part of the cycle of operation begun as shown 
in Figure 1. 
Figure 3 represents the fiow pattern in the first 
part of the cycle of operation next foilowing the 
GO cycle fllustrated by Figures 1 and 2. 
Figure 4 represents the flow pattern in the sec- 
ond  part of the cycle next following the cycle of 
operation ifiustrated by Figures 1 and 2'. 
Figures 5 and 6 diagrammatically represent 
 the flow patterns employed in two successive 
cycles of modification of the process of this in- 
vention. 
Figure 7 iilustrates a cycle of operation in a 
70 further modification of the process of this inven- 
tion. 
Figure 8 iilustrates the fiow pattern in a cycle 
of operation in a further modification oï the 
process of this invention. 
76 Figure 9 ii a more detailed diagram of an af- 



rneernent of appratns for th .practice of the 
process of this invention. 
For the purpose of disclosing the genezal op- 
eration Of the process .of this invention reference 
is ruade to Figure 1 of the appended drawings. 
Each of the letters A fo H, inclusive, indicates 
an adsorption column filled with a mass of solid 
adsorbent particles. A liquid feed mixture is in- 
troduced -into the system and separated into an 
adsorbate and a percolate. The adsorbate is re- 
moved from the adsorbent and the adsorbent is 
concurrentiy ,regenerated for re-use by introduc- 
tion into the system of a stripping liquid, that is, 
as above defined, a liquid forwhich th.e adsorbent 
show, s a lower adsorptive preference than that 
shown for the adsorbate. Substantial continuity 
of operation is achieved by moving the points .of 
liquid introduction and withdraval in successive 
cycles of operation..Let it be assumed that the 
--1 cycle of operation has just been completed 
and that the th cycle is about to begin, Figure 
1 representing the fiow patVern ai the beginning 
of the th cycle. 
Under the assumed condition af the close of the 
--t cycle and ai the beginning of the th cycle 
of operation, the interstitial space between the-ad- 
sorbent particles in column B is filled with un- 
changed feed mixture and the adsorbent in col- 
umn B holds adsorbate to the extent that equflib- 
rium has ,ben established and this adsorbent is in- 
capable of effecting any further separation of the 
feed mixture under the conditions of operation. 
Thus, the adsorbent in colurnn B af this stage may 
be characterized as "spent" or "saturated" or 
"exhausted" for the purpose of the desired adsorp- 
tion fractionation operation, and hence must be 
regenerated before further use. The interstitial 
space beteen the adsorbent particles in column 
C is filled with .partially separatd feed mixture 
and .the adsorbent in column C holds some ad- 
sorbate ,but is capable of further adsorption be- 
fore coming fo equflibrium with unchanged feed 
mixture. The interstitial space in column Dis 
also filted wlth partially separated feed mixture, 
and the adsorbent in column D has also adsorbed 
some adsorbate and is also capable of further 
adsoption before coming into equilibrium with 
unchanged ïeed mixture. The interstitial liquid 
in colum Dis more completely separated than 
that in column C, and the adsorbent in column D 
retains more capacity for further adsorption of 
the adsorbate than does that in column C. The 
interstitial space in column E is filled with a 
stripplng ]iquid for which the .adsorbent shows 
a lower adsorptive .preference than that shown 
for the adsorbate. The adsorbent in column E 
has been substantially stripped ,of adsorbate 
which it previously held, and the liquid now held 
as an adsorbate by this adsorbent is substantially 
all stripping ]iquid. The interstitial spaces in 
columns F, G, H, and A contain mixtures of strip- 
ping liquid and stripped adsorbate which have 
been removed from the adsorbent. The concen- 
tration of the stripped adsorbate in th inter- 
stitial ]iquid in these several columns engaged in 
the stripping or regeneration stage increases .pro- 
gressively from F through A. The adsorbent in 
these columns bas been partially stripped and rè- 
generated and the degree of stripping and regen- 
eration is sucoessively less complete from F 
through A. The foregoing thus describes the con- 
ditions existing in each of the adsorbent columns 
A to H, inclusive, ai the end of the --1 cycle 
and ai the start of the th cycle, as shown in 
Figure 1. 

To Jnitiate .the .nh .cycle of ep.eretion, .as tlltm- 
trated by Fignr.e 1, ]iquid .feed nixttre fs intro- 
duced into column C, strjpping, liquid is intrO- 
duced in column F anïl also into column B. 
5 mixture of stripping liquid tndper01ate fs wlth- 
drawn from c0lumn E-and a mixture of stripping 
liquid and stripped adsorbate is withdrawn from 
column A. Colurrms B, C, D, and E serially con- 
nected by lines 3, , and § constitute Rn ad- 
10 sorption zone, and columns F, G, H, and A sèrially 
connected by lines ! I, ! 8, and ! 9 constitute a 
generation zone. Liquid introduction nd With- 
drawal are continued as above described untfl 
stripping liquid appears in line !3. Whèn this 
15 occurs, the direct introduction of strïpping liq- 
uid into column B is discontinued and column B 
is disconnected from the adsorption zone and 
connected to the reg.eneration zone byline !2 .as 
shown in Figure 2.of the appended drawings. Coi* 
20 umn B thus becomes the last adsorption column 
of the .reeneration zone, and the colUmn 
from which the mixture of stripph]g liquid and 
stripped adsorbate is withdrawn. 
The introduction and withdrawal of liquids 
25 continued according to the fiow pattern of Fig- 
ure . until the capacity of the adsorbent in c01- 
umn C fo effect the desired adsorption separa- 
tion is exhausted, which condition is evidënced 
by the appearance of unchanged feed in line 
30 and untfl the adsorbent in column F is substan- 
tially regenerated, which condition is evidenced 
by the appearance of substar£tially pure stripping 
liquid in line !I. Flow rates may be, and prefer- 
ably are, so controlled that these two conditions 
5 are rcalized substantially Simultaneously. Upon 
such realization, the r#÷l cycle of operation 
initiated by moving all liquid introduction-and 
withdrawal points in the several columns in the 
first part Of the th cycle, shown in Figure I, 
d) the next serialiy connected columfi in the direc- 
tion of flow and changing the serial connections 
between the columns fo those indicated in Fig- 
ure 3. The reSu!tant lïow pattern ai the begin- 
ning of the ÷ 1 cycle is illustrated by Figure 3, 
45 and the fiow pattern in the 'latter part of the 
÷1 cycle of operatien i fllustrated by FJgure 
of the appended drawings. 
In Figure 1, stripping liquid is introduced into 
column B fo sweep the resident unchanged eel 
50 liquid ïrom column B into the effective adsorp- 
tion zone of the cycle belote the stripping 0fthe 
adsorbent in column B is begun. As soon as the 
unchanged feed liqlfid in column B is removed, 
the 'fiow pattern of Figure . is f011owed. The 
55 completion of the first part of the th cycle 
lowing the flow pattern of Figure 1 may be deter- 
mined by the appearance of stripping liquid in 
line  3, .as indicated above, or by the introduction 
into column B of a preletermined volume of 
60 stripping liquid, which volume is slightiy lï èx- 
cess of the volume of the interstitial space in the 
.column. 
Figure 2 fllustrates the process fiow during the 
latter part of the th cycle of operation ànd, 
65 simflarly, Figure 4 illustrates the fiow during the 
latter part of the ÷1 cycle. In Figure 2 the 
feed is introduced into a liqtùd inlet situated in 
column C, the first terminal adsorbent mass .of 
the adsorption zone .and the percolate is with- 
70 drawn ata liquidoutlet situated in column E,the 
last terminal mass of the adsorption zone.; and, 
during the fiow of féed through the adsorption 
zone, a concentration grädient of tlie preferen- 
tially adsorbtble fraction of the feëd held on .the 
75 adsorbent i establiShed. This c0nCentrati0n 



greatest on the adsorbent in column C the flrst 
terminal adsorbent mass of the zone (the column 
which is next to be transferred fo the regenera- 
tion zone), and least on the adsorbent in column 
E, the last terminal mass of the zone and also 
the column most recently regenerated. Stripping 
liquid is introduced into a liquid in]et situated in 
column F, the flrst terminal :adsorbent mass of 
the regeneration zone and effluent mixture of 
stripping liquid and adsorbate is recovered ai a 
liquid outlet situated in column B, the last ter- 
minal mass of the regeneration zone. During 
the flow of the stripping liquid through the re- 
generation zone, it cornes into contact succes- 
sively with the adsorbent masses of columns F, G, 
I-I, A, and B, having a gradient concentration of 
adsorbate which increases progressively from 
through B. The adsorbent in column B, having 
been most recently on stream in the n--1 cycle, 
contains adsorbate in higher concentration than 
the other adsorbent masses of the regeneration 
zone, which bave each been in the regeneration 
zone during one or more cycles of operation, and 
bave thus been partially regenerated. The words 
flrst and last are used above and hereafter in the 
sense that the fiow of liquid in each zone is from 
the flrst to the last of the serially interconnected 
adzorbent masses thereof. 
Referring now to Figure 4, which illustrates 
the flow pattern for the latter part of he n-I 
cycle of operation, it is seen that the adsorbent 
masses bave been regrouped te form the adsorp- 
tion and regeneration zones of the n-{-1 cycle. 
Column C, the first adsorbent mass of the adsorp- 
tion zone in the nth cycle, illustrated in Figure 
becomes the last adsorbent mass of the regenera- 
tion zone in the -1 cycle illustrated by Figure 4; 
and column F, the flrst adsorbent mass of the 
regeneration zone in the th cycle, illustrated by 
Figure 2, is the last adsorbent mass of the adsorp- 
tion zone in the -1 cycle, illustrated by Figure 4. 
Following this regrouping, the fiow pattern for 
the n- 1 cycle illustrated by Figure 4 is completed 
by shifting the feed in]et from column C in lig- 
are 2 to column D in Figure 4 and shifting the 
stripping liquid inlet ïrom column F in Figure 2 
to column G in Figure 4, that is, shifting each 
point of liquid introduction in each zone te the 
next serially connected adsorbent mass of the 
zone in the direction of fiow to initiate the suc- 
ceeding cycle. Thus, the changes in the inter- 
connections of the adsorbent masses which are 
ruade at the completion of the nth cycle of opera- 
tion illustrated by Figure 2 in order fo obtain 
the fiow pattern for the latter portion of the n- 1 
cycle of operation, illustrated by Figure 4, cause 
a relative motion of the adsorbent masses coun- 
tercurrent fo the direction of fiow. For example, 
column H in Figure 4 is one adsorbent mass posi- 
tion closer to the stripping liquid inlet than it 
was in Figure 2; column E in Figure 4 is one 
sorbent mass position closer te the feed in]et than 
it was in Figure 2. 
If Figure 2 is considered te represent a ïn'st 
Cycle of operation, it is seen that on the ninth 
cycle each of the adsorbent masses will have 
traversed both the adsorption and regeneration 
zones by relative countercurrent motion and ¢ill 
bave returned to its relative position in the first 
cycle of Figure 2. In general, if there be X-ad- 
sorbent masses in the system, each adsorbent 
mass will undergo a relative countercurrent mo- 
tion during successive cycles, and, by moving at 
a rate of one adsorbent mass position per cycle, 

Wfll return during the X÷I cycle fo ifs relative 
position in the first cycle. 
Figure 5 of the appended drawings fllustrates 
the fiow pattern in a cycle of operation in a modi- 
5 fication of the process ab0ve described. The 
modification consists in recycling a portion of 
previously separated adsorbate. Let it be as- 
sumed that the n--1 cycle of operation has just 
been completed and that the nth cycle is about 
10 to begin. Under this assumed condition the in- 
terstitial space between the adsorbent particles 
in column B is filled with previously recovered ad- 
sorbate which bas been recycled to column B in 
order to effect a more complote separation of the 
15 percolate. The adsorbent in column B is satu- 
rated with adsorbate. The interstitial space in 
column C i.s fllled with essentially unchanged 
feed mixture .and the adsorbent in column C has 
taken up adsorbate in such amount that a sub- 
20 stantial equilibrium exists between the feed mix- 
ture and the adsorbent surface. The interstitial 
space in column D is filled with partially sepa- 
rated feed and the adsorbent in column D is in 
dynamic equilibrium with ifs interstitial liquid, 
25 but will take up more adsorbate belote coming 
into equilibrium with unchanged feed mixture. 
The interstitial space in column E is occupied by 
substantially pure stripping liquid and the ad- 
sorbent in column E bas been substantially 
0 stripped of adsorbate and is lady for re-use. 
Columns F, G, H and A contain in their inter- 
stitial spaces a mixture of adsorbate and stripping 
liquid, the concentration of the adsorbate in- 
creasing progressively from F to A. The ad- 
35 sorbent in columns F, G, H, and A is, in each col- 
umn, in dynamic equilibrium with its interstitial 
liquid; and in each column the adsorbent holds 
some adsorbate, the amount held increasing pro- 
gressively from F to A. 
40 The nth cycle of operation is initiated by seri- 
ally connecting columns C, D, and E by lines 
g and 5 to constitute an adsorption zone, and 
columns F, G, H, A, and B by lines 17, 18, 19, 
and - to constitute a regeneration zone, re- 
-5 cycling either previously separated adsorbate or 
the first effluent of column B to a liquid inlet 
situated in column C, the first terminal ad- 
sorbent mass of the adsorption zone, introduc- 
ing feed into a liquid inlet situated in column D, 
50 an intermediate adsorbent mass of the adsorp- 
tion zone, and recovering a mixture of percolate 
and stripping liquid at a liquid ourlet situated 
in column E, the last terminal adsorbent mass 
of the adsorption zone. At the same rime strip- 
5 ping liquid is introduced into an in]et situated 
in column F, the first terminal adsorbent mass 
of the regeneration zone and a mixture of strip- 
ping liquid and adsorbate is recovered at column 
B, the last adsorbent mass of the regeneration 
60 zone. The feed rates of the materials above 
indicated as entering columns C, D and F are 
so controlled that there will be a substantially 
simultaneous realization of the following con 
ditions: Substantially pure adsorbate appears in 
65 line g, or if the flrst effluent of column B is 
recycled to column C, at least hall a column 
volume bas been introduced; substantially un- 
changed feed appears in line , or the quan- 
tity of the preferentially adsorbable fraction of 
70 the feed contained in the percolate effluent from 
column E' rises above the desired maximum, or 
both; and substantially pure stripping liquid ap- 
pears in line 7. When these conditions are 
attained, the -1 cycle of operation illustrated 
 by Figure 6 is initiated. 



Referrlng now to Flgure 6, representing the 
operation of the ÷1 cycle in this modification 
of the invention, columns D, E, and F are seri- 
ally interconnected by lines f and f6, consti 
tuting the adsorption zone of this cycle. Col- 
umns G, H, A, B, and C are serially intercon- 
nected by lines fS, rg, f2 and fS, constituting 
the regeneration zone of this cycle. Adsorbate, 
or the first eflïuent of colunm C, is recycled to 
column D; feed is introduced to column E, and 
stripping liquid is introduced to column G. A 
mixture of adsorbate and stripping liqUid is 
withdrawn from column C, and a mixture of 
percolate and stripping liqUid iS withdrawn from 
column F. The ]iquid introduction and with- 
drawal is continued so controiled that simul 
taneous]y substantia]/F pure adsorbate ppears 
in. line fS, or if the first efiïuent of column C 
be recycled, at least hall a colunm volume bas 
be.en intzoduced; substantially unchanged feed 
appears in line fS, or the quantity of preferen- 
tially adsorbable fraction of the feed contained 
in the percolate efiïuent from c0iumn Frises 
above the desired maximum, or both; and sub- 
stantially pure stripping liquid appears in line 
fS. When this condition is attained, the +, 
cycle i s begn. In like manner the ÷,, ÷3, 
etç. cycles are carried out, the rime of comple- 
tion of each cycle heing determined as de- 
scribed in the above descripti0ns of the  and 
÷! cycles. 
Comparin.g F!gures 5 and 6, representing two 
successive cycles of operation, it may be seen 
tha% the Second of thë%ïo CYcles illustrated by 
Figure 6 C ïnitiated 6y regr0uping the adsorb- 
ent massës t0 c0nsitute adsorption and regen- 
eration zones for the new cycle in such man- 
ner that the column C, the first terminal ad- 
so.rbent mass of the adsorption zone in the th 
cycle of Figure 5, beçoms the ]ïst terminal ad- 
sorbent mass of the regeneration zone in the 
÷1 cycle of Figure 6; and Coumn F, the first 
terminal adsorbent mass of the regeneration 
zone in the th cycl.e of Figure 5, becomes the 
last terminal adsorbent mass of the adsorption 
zone in the +1 cycle of Figure 6, the points of 
liquid inlet in each of the tw 0 zones in the th 
cycle being at the saine rime shifted to the next 
seria]ly connected adsorbent mass in the direc- 
tion of flow of the saine zone to initiate the 
÷1 cycle. Comparison of Figures 5 and 6 shows 
that the ads0rbent masses are regrouped fo ini- 
tate the new cycle, illustrated in Figure 6, in 
such manner that each adsorbent rnass describes 
a relative motion counercurrent to the fiow of 
liquid within its zone. For examp]e, column 
E in Figure 6 is one ads0rbent rnass Position 
closer fo the adsorbate recycle inlet than if was 
in Figure 5; column H is in Figure 6 one ad- 
sorbent mass position closer fo the stripping 
liquid in]et than it was in Figure 5. Thus, in 
a system of X-adsorbent masses, each adsorbent 
mass. wou]d move relative to the liquid nlet 
points, one adsorbent mass position countercur- 
rent to the flow of Iiquid upon initiation of each 
new' cycle» and would return during the X÷I 
cycle of operation to the saine relative P0çition 
in the system which it occupied during the first 
cycle. 
The general plan of the process being now 
disclosed, reference is ruade to Figure 5, in which 
the fiow pattern of the th cycle of operation 
of the last described modification of the proc- 
esoe of ths invention is illustrated, for the pur- 
pose of showing the manner in whlch this proc 

ess embodies the most deslzable - feates er eti 
batch and continuous adsorption selaation 
processes, and at the saine rime aoi the major 
dcties ierent  each of them.. st, 
 is pointed out that is precess is hot. a 
multiplication of simple, batch adoption col 
um. At the begig of' the th cycle 
operation, coloris F, G, H, and A co.ntain 
the interstitial spaces between th a.orbent 
10 particles a. Hquid includg both strippant 
adsorbate, the concentration of adsobate in 
intertitial liquid increasing progressivy frm 
Fto A. The aorbed material on the adsob 
ent in each of the colns is in dan equili, 
 brium Wih the trstitial liqoEd, and 
is in a concentration rdient ince 
gressively from F te A. Conequentl, as 
th cycle is 'begun, the fresh sippin 
fed fo colunm F cornes in conct ith d- 
20 sorbent ew in aorbate cntnt, effeÇtive!F r 
movig this sma!l mounç f açbae 
plting the regenration of the 
and, as this strpping !iB!d flow$ PoesielF 
through coloris G, H A, and B, it 
25 adsorbnt in Whçh he adsçbe nn 
progressively high r. Th i ts ar 
ment, substantiallF all of the adantae accru 
ing fo thë commercèrent 0w0f  
process is obainëd/ Thï 
S0 flow reatly increse triPng ecnç  
rest being that ec0vr ç adsozbat i 
fec d by the use of a substi%!!y mlç v0! 
urne of stripping liquid than tha whiCh d 
be reqred for an equiv£in ec499 
35 ngle batch coim Thë vï hf trip 
iqd adÇorbate mixture Whiï 'm  ' 
tflled, or otherwise tread to recover the ad 
sorbate, is thus greatly dëcëaséd 
spondg decrease  the cost 0f he aondrF 
40 recovery operation. 
Further, in the prient procès, the adserbent 
particles are in fixed .bC,  hëce,  
upon the mi paricl e Size 
a continuous aoption pr0céss d0es  i9 
45 smce the aorbent Particl ud D thi 
ess may be as small as those wch can 
9mployed  a convënti0na!  bh  prççe; 
the advantagWof rapid t!e ë e 
libum is obtained nd mÇs ib!e a hher 
50 rate of fCd throughpuç than is Dosib]e 
rticle se is' limitëd, ........................ 
Referrg aga  the th cycle of opeation 
the modification of të Pr0eSs iï!Us 
e 5 and describe d aboyé, colunm  ai the 
5s giing of the th CC¢ conC ubsntily 
feed mixture in the interstitial space, ad the 
sorbed material on the adsorben is in dYnamic 
equflibrium with this inerstitial mixre. The 
adsorption is preferentia], and the adsorpon 
0 pro¢ss  an equibrium process; and the adsorb- 
ent in co]n C will hold aorbed a quantity 
the preferential]y adsorbab]e fraction of the feed 
and a quantity of the non,referentia]]y adsorb- 
able fraction of the feed. The ratio of p.refren 
S tia]lF adsorbab!e fraction to nonpreferential] 
adsorbab]e fract[on, howeve, wfll be much highC 
in the martial held on the adsorbent th if is 
 the feed.  the adsorbent  Colunm C were 
now treated with trippant . there Wod be r- 
70 covered a mixte of strippnt, Derco]ate, and ad- 
sorbate. On a degree 0f sparation wed be 
achieved. H0wever,  the Droc.ess of th in,en, 
tion, psunt to ifs prefrred embçmenç, col- 
unm C is hot treated with srippan at th stae; 
7 instead, ai the begig of the h cycle, 
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ViotïsIy separatéd ads0rbate or the first effluent of 
the regeneration zone is recyc]ed to coIumn C. 
Since this adsorbate, or adsorbate rich effluent, is 
preferentially adsorbed, the effect of this recycl- 
ing step is to remove fïom the adsorbent substan- 
.tially all of the non-preferentia]ly adsorbable 
.terial which had been adsorbed and to force if 
through line #4 into column D, the adsorbent in 
column C meantime becoming loaded fo capacity 
with adsorbate. Then, at the beginning of the 
÷1 cycle in Figure 6 this recycled adsorbate is 
expelled from column C, together with the ad- 
sorbate held by the adsorbent at the beginning of 
the th cycle. The net effect of this step of re- 
cycling adsorbate is the achievement of a sharper 
separation of the preferentially adsorbed frac- 
tion from the feed and of an increased yield of the 
.percoIate. 
Figure ï of the appended drawings il]ustrates 
the flow pattern in a further modification of the 
process of this invention. The modification here 
consists in employing a desorbent to remove the 
adsorbate from the adsorbent in a desorption zone 
and then removing the desorbent from the ad- 
sorbent in a regeneration zone. Columns D, E, 
and F are serially interconnected by lines I and 
|G, constituting an adsorption zone; columns G, 
H, A, and B are serially inteïconnected by lines 
#8, #9, and #2, constituting a regeneration zone; 
and column C constitutes a desorption zone. Pre- 
vious]y recovered adsorbate is recycled to column 
D, feed is introduced into coIumn E, and a per- 
colate-stripping liquid mixture is withdrawn from 
column F. Stripping liquid is introduced into col- 
umn G, and a stripping Iiquid-desorbent mixture 
is recovered from column B. A desorbent is in- 
troduced into column C and a desorbent-adsorb- 
are mixture is recovered therefrom. Flow rates 
are so controlled that substantially simulta- 
neously essentially pure adsorbate appears in line 
#G, unchanged feed appears in line #, substan- 
tially pure stripping Iiquid appears in line # 8, and 
substantially pure desorbent appears as the liquid 
effluent from column C. Upon the realization of 
these conditions, the next cycle of operation is 
initiated by moving every point at which liquid 
is introduced into or withdrawn from each col- 
umn to the next adjacent column in the direction 
of flow in such a manner that column D becomes 
the desorption zone, columns E, F, and G con- 
stitute the adsorption zone, and coIumns H, A, B, 
and C constitute the regeneration zone. 
In the modification illustrated in Figure ï, the 
step of recycling adsorbate may be omitted, in 
which case feed wouId be introduced into column 
D, and line # wouId be the only source from 
which Iiquid is introduced into column E, as flIus- 
trated by Figure 8 of the appended drawings. 
Also in the modifications i!lustrated by Figures 7 
and 8, it may be desirab]e to use the percolate as 
the stripping liquid, which advantageousIy eIimi- 
nates the need for separation of a percolate- 
stripping liquid mixture in secondary recovery. 
Figure 9 of the appended drawings fllustrates 
an arrangement of apparatus for the practice of 
the process of this invention. The letters A 
through H, inclusive, indicate columns fl]l.ed with 
 mass of solid adsorbent partic]es. Lines #- 
through #9, inclusive, controlled by valve 4 at 
each column, provide means for serialIy inter- 
connecting the adsorption columns. Lines 7, 8, 
and 8 are header lines for feed, adsorbate and 
 stripping liquid, respectively. Valve | at each 
 column controIs the flow of feed to the column; 
in like manner, valves  and $ af each coIumn con- 

trol the flow of adsorbate and stripping liqùid, 
respectively. A mixture of adsorbate and strip- 
ping Iiquid may be withdrawn from the appro- 
 priate column by opening valve  at that column, 
permitting the mixture to flow to a separation 
apparatus through line #). Similarly, a per- 
colate-stripping liquid mixture may be withdrawn 
and directed to separation via line # | bY opening 
valve  ai the appropriate column. For example, 
the flow pattern of Figure 5 may be achieved with 
this apparatus by opening the fo]]owing valves: 
valves 2 and 4 af column C, valves # and 4 at 
column D, valve  at column E, valves 3 and 4 af 
column F, valve 4 at columns G, H, and A, and 
valve  at co]umn B. AI1 other valves.are c]osed. 
The valve adjustments necessary to produce the 
flow patterns of Figures 1, 2, 3, 4, or simflar flow 
patterns, wi]l be obvious to a person skflled in the 
art. If it is desired fo use the flow pattern of 
Figure ï, a desorbent header line paralleI to lines 
7, 8, and 9 valved to each column is added, and 
a line fo a desorbent-adsorbate separation ap- 
paratus is added para]leling lines #D and ## and 
valved to each colv.mn. 
Each co]umn is provided with a jacket D per- 
mitting heating or cooling of the columns in- 
dividual]y. Valve # at each co!umn is a steam 
inlet valve controlling the fiow of steam to the 
column jackets, valve  at each column is a 
steam ourlet valve, and valve  at each column 
may be opened to prmit the flow of the con- 
densed steam from the jackets to the drain. 
Valves .3 and -4 are inlet and ourlet valves, re- 
spectively, by which the flow of water or other 
liquid coolant through the column jackets may be 
control]ed. Valve  ai each column may be 
opened fo vent the column jackets. Valve 27 af 
each column may b opened to withdraw samples 
or fo measure pressure. Other arrangements for 
heating and cooling the columns may be used, 
such as internal cofls or external heat exchangers. 
The process of the invention is fllustrated by 
the following examples, in which the apparatus 
employed conformed essentiaIly fo that shown in 
Figure 9 of the appended drawings. 

EXAIVIPLE I 

The adsorption colunns were charged with 
28-200 mesh sflica gel having a bulk density of 
4ï pounds per cubic foot. The void space 
-tween the adsorbent particles amounted to 42% 
of the volume of each column, and the pote 
volume of the adsorbent amounted to 28 % of the 
volume of each column. In the following Table I, 
the legend "gal./gaI. (V÷P) » indicates gallons of 
liquid introduced per galIon of void space plus 
pote space in the coIumn. 
The adsorption columns measured 0.172 foot in 
infernal diameter and 10 feet in length. 
During the run a straight run kerosene distil- 
late having an oeI gravity of 39.9 °, an aniline 
point of 132, an aromatic content of 22.5%, a 
cetane number of 2.5, and. a boiling range 
352_511o F. was charged to the adsorption zone. 
The stripping liquid employed was isoctane. 
The rime for each cycle of operation was three 
hours. 
The following Table I summarizes process in- 
formation for the run. In the table the eight 
adsorption columns are indicated by the letters 
A to H, inclusive, and their grouping in the ad- 
sorption and regeneration zones in a typical cycle 
.of operation is indicated. 



TMe ! 

Coltmm Designatfon .................... 
çonditions: Temp. °F .................. 
Pressure drop Ib./ft ................. 
Lbs. Adsorbent/gal. feed/cycle ...... 
Lbs. Aclsorbent/gal. feed/hota'. ...... 
Streams In: Feed al./cycle ............ 
Feed gaI./hour/sq, ft .............. --. 
Feed gal./Ib, ads./cycle .............. 
Ads0rbatë Recyclë gaL/cyc .......... 
Adsorbate Recycle gal./hr./ft.2 ....... 
Adsorbate Recycle gal./gal. V÷P. _. 
Strippant gal./cycle ................. 
Strippant gal./br.flt.2 ................ 
Strippant gal.flb. Adsorbent ........ 
Strippant ga]./gal, feëd .............. 
Total 8treams In, gal./cyc ........... 
Streams Out: 

Adsorption Zone 

A B C D 
60 100 I 100 220 
1 0 4.0 4.0 ]..2 
10.5 10.5 10.5 10.5 
31.5 31.5 31.5 31.5 
...... 1.03 ............. 

Regenenition Zone 
Tot 
E F G H 
220 220 220 i 180 ..... 
1.2 1.2 1.2 i:2 ..... 
10.5 10.6 10.5 10.5 8 
31.6 31.5 31.6 3i15 2 

Percolate gaL/cycle .............................. 0.79 .............................. 
Adsorbate gal./cycle ........................................... l ...... I ...... I ...... I I. 22 
Strippant gal./cyele ............................... I. 22 ...... I ...... I ...... 
Net Volume te Stllls gal./cycle ...................... 2. 01 ...... I ...... 
Total gaL te tills/gal. feed ....................................... -__. 

...... 14.8 ............................... 
...... o. 096 ................................. "_ïïï _-_ _- Z 
0.98 _ ...... . .................................. 0.9 
14. 0 -.-. ............................................. 
o.85 ................... i ............ l ...... I ...... 
..................... 3.17 '- ......... « ............. 3.1 
45.3 ................................. 
_ï_-_---l-_-:ï::lï_-ï_-Z 0. 9 
. 07 ................................. 
%.98"'h_o8"'__:___"-" - -"--- . 1 ........................... 
0.7 
1. 
8.1 
5. I 
5. 
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 Oolumns C and H are at about 180 ° F. and 100 ° F., respectively, at the begimfing of the cycle 
and reach 100 ° F. and 180 ° F., respectively, at the end of the cycle. 

Distillation of the mater]al effluent from liquid and adsorbate, into column A. By this 
column C in the run as fllustrated by the above 2 method of operation, the total volume of liquid 

cycle produced a percolate yield amounting fo 
77% of the kerosene charged having an aromatic 
content of less than 1%, an aniline point of 165 ° 

required te be distilled is substantially decreased. 
Data for this run are shown in the folloWlng 
Table II. 
Table I1 

Adsorption Zone Regeneration Zone 

Column Designation .................... A 
Conditions: Temp. ° F .................. 60 
Pressure Drop lb.fit ................. 1. 0 
Lb. Adsorbent/gaL feed/cycIe ....... 12 
Lb. Adsorbent/gaI. feed per heur .... 86 
Streams In: Feed gaI./cyc ...................... 
Feed gaI./hr.flt 3 ........................... 
Feed gal.flb, ads./ft3 ................ [ ...... 
Coi. H Effluent recycle gaI./cycIe. _.  1.11 
Col. H Effluent recycle gal./hr./ft3_ 15. 9 
Coi. H Effluent recycle gaI./gI. 

Tot 

B C D E F G H 
100  lO0 220 220 220 220  180 
3.0 3.0 0.8 0.8 0.8 0.8 0.8, 
12 12 12 12 12 12 12 
36 36 36 36 36 36 36 
0.90 ................................... 
0. 08 ..................... - .... - - - - I ..... 
............. I ...... I ...... :::::::::::::::::::::-ï:i 

2.38 
34 
O. 22 
2.64 
2.38 ........................... 4. 

Strippant gaI./cycle .................................. 
Strippant gal./hr./ft. ................................ -. 
Sti'ippant gaI./lb. Ads ............... ' ...... t ...... ]ï _-'__ 
Btrippant gaI./gaL feed ................................. 
Total Siïreams In, gal./cyc ............... I. 11 0. 90 ...... 
treams Out: 
Ads0rbatoPerc°Iate gs/.lcyCIOgai.lcycie ............................... ....................... 0.69 :::::::::::::::::::::::::::::::::: o.0.4 
Strippant gal./cycle ............................... I. 82 l. 90 3.  
oeot stëas out, gaI.lcYcIe ................. , ...... 2.Ol ::::::::::::::::::::::::::: =. as 4. 
Strlppant by-passed CoL O te Col. D, 
gal. per cycle ........................................ 0. 80 
Coi. HEffiuent by-passed Col. H te A, ........................................ 
gaI./cyc_ .............................. , ...... , ...... , ...... , .... ,_ . , , 1 11 ..... 
Net Volume te St]Ils gaI./cycle ................ I ...... 1. 21 .... -- --------- ---'--::- ----:--: 1 27 2.  
Total Gal. te StiIl/gaI. feed .........................  ...... I ...... I ...... I ...... ] ............. 2. 7 

 CoL C and H are at about 180 ° F. an 100 ° F., respectivelY, at the beginning of the cycle and reach 
100 ° F. and 180  F., tespëCtively, at thë end of the cycle. 
 This materiaI wag thc flrSt effluent in the cycle from col. H and comprised adsorbate and stripping 
Iiquid. 
 0.21 gal./cycle is product recovered by distillation. Remainder recycled. 

F. and an API gravity of 44.3, and a cetane 
number of 51.5. 
Distillation of the effluent from column H dur- 
ing this cycle produced a net  adsorbate yield 
amounting to 23% of the kerosene charged hav- 
ing an aromatic content above 90%, an aniline 
point of --40 ° i% and an API gravity of 22.4. 
E3rLE II 
The adsorbent, kerosene charge, stripping 
liquid, and cycle rime were the same as those 
shown in Example I. Operation was varied dur- 70 
ing the cycle described in the following Table II 
by directing the first effluent of column C, com- 
prising stripping liquid, into column D rather 

Distillation of the net eflluents of col'umns C 
60 
and H resulted, respectively, in the production of 
percolate amounting te 77% of the volume of 
kerosene charged having an aromatic content be- 
low 1%, an aniline point of 165 ° F., an API 
gràvity of 44.6, and a cetane number of 51.2; and 
65 of an adsorbate amounting te 23% of the volume 
of the kerosene charged and havlng an aromatic 
content above 90%, an aniline point of --35 ° 
and an API gravity of 23.2. 
EXAMPLE III 
The adsorption columns were charged with 
28-200 mesh sflica gel having a bulk density of 42 
pounds per cubic foot. The void space between 

than to distillation, and by directing the flrst the ads0rbent particles amounted to 40% of the 
eilluent from cohmn H,. comprising stripping OE volume of each column, and the porc volume of 
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the adsorbent amounted te 27% of the Volume 
of each column. 
The adsorption columns measured 0.1ï2 foot 
in lnternal diameter and 10 feet in length. 
During this run, a catalytically reformed gaso- 
line was charged. Inspection of this charge 
showed an API gra'¢ity of 50.9, aniline point 68.5, 
gromine number 3, an aromatic content of 35.8, 
sulfur content below 0.01%, refractive index 
1.4356, and boiling range as determined by ASTM 
D-86 distillation of 134-310. The strippant was 
a heart cut of dearomatized kerosene having a 
boiling range 38ï-466 ° on a D-86 distillation. 
The time for each cycle of operation was two 
hours. The following Table III shows signifl- 
cant data for the run. 

Table III 

Adsorption Zone 

Column Designation ................ A B C D 

'16 
F., an API-ravity of 62.5, and bromine number 
of less than che. 
Distillation of the effluent from column H re- 
sulted in the production of an adsorbate fraction 
amounting te 3ï % of the charge and having an 
aromatic content of 95%, an aniline point of 
--ï4 ° F., an API gravity of 32.5, and a bromine 
number between 3 and 4. 
EXAIViPLE IV 
During this run the charge, stripping liquid, 
and adsorbent, as well as the flow pattern, were 
the saine as those in Example III. 
Operation differed frein that in Example III 
in that a portion of the effluent from column H 
by-passed the stills anà was introduced into col- 

Stripphlg Zone 
Total 

Conditions: Temp. °F .............. 70 70 100 i 100 220 220 220 i I 180 ........ 
. Pressure Drop, lb.fit ............ 0. 05 0. 05 0. 5 0.7 0. 7 0. 7 0. 7 0. 7 ........ 
Lb. Ads/gal feed/cycle .......... 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 148 
Lb. Ads/gal. feed/hr ............. 37 37 37 37 37 37 37 37 296 
Streams In: Feed gai/cycle ......... i ............ 0. 528 .............................. 0. 528 
Feed gal./hr./ft  ............................ (22. 7) ...................................... 
Feed gal/lb Ads/cycle ..... ! ...... ] ...... 0. 054 ...................................... 
...... 1 06 I 1 06 
Adsorbate Recycle gal./cyc ...... I .......  ........  ...... I ......  ......  ......  ....... 
Adsorbate Recycle gal./hr./ft.___l 22. 7 ...... [ ........ I ...... I ...... [ ...... [ ...... I .............. 
Adsorbate Recycle gal./gal. V 0.94 ...... I ........ I ...... ] ...... I ......  ...... I .............. 
+P. 
Strippant gal./cycle ............. , ...... , ...... 0.528 ...... 2.38 .................... 2.91 
Strippant gal./hr./ft. 2 ............ ] ...... I ...... (22. 7) ...... 51.0 .......................... 
Strippant gal.]lb. A ds ........... ] ...... [ ...... 0. 054 ...... 0.24 .................... (0. 29) 
Strippant gal./gal, feed .......... I ...... [ ...... 1.0 ...... 4. 5 .................... (5. 5) 
Total Streams In, gal./cycle ......... 1. 06 ...... 1.06 ...... 2. 38 .................... 4. 
treams Out: 
Percolate gal./cycle .................................. 0. 33 ........................... 0. 33 
" Adsorbate gal./cycle___- .............................. 1.12 2. 91 
Strippant gal./cycle .................................... "K- _ï-:[--,-ï-ï-I-::-ï 1. 20 1. 2 
Total Streams Out, gai/cycle .............................. 2. 12 ................... 2. 38 4. 
Strippant by-passed CoL D te Col ..................... 0.80 ................................ 
E, gal/cycle 
Net Volumeto Stills gal./cyc ....... , ...... ] ...... I ........ 1.32 ......  ............ I 2.38 37 
Total (3al. te Stills/gal. Feed ................................................. - ........... 
* Columus D and H were about 180 ° F. and 100 ° F., respectively, at the beginning of the cycle and 
attained the tabulated temperature at the end of the cycle. 
Distillation of the net effluent of column D re- umn A as a recycle stream instead of recycling 
sulted in the production of a percolate fraction previously separated adsorbate as in Example III. 
amounting te 63% of the charge and having an The rime for each cycle of operation was che 

aromatic content of 2%, an aniline point of 133 ° 45 heur in this run. 
Table IV 

Regenera- 
Adsorption Zone tion Zone 
Total 
lolunm Designation .................... A B C D E F G H 
londitions Temp °F ................... 70 70 70 70 100  100 220  180 ...... 
PressureDroplb./ft ................. 0.8 0.8 2.2 2.2 ! 2.0 2.0 2.0 2.0 ...... 
Lb./Ads./gal. feed]cycle ............. 18.5 18.5 18.5 18.5 : 18.5 18.5 18.5 18.5 148 
Lb Ads./gal. feed/hr ................ 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 148 
treams In: Feed gal./cyc ............... i ........................... 0.53 ................... 0.53 
22 7 
Feed gal./hr ........................................................................... 
Feed gal.]lb. Ads/cycle ............. ...... I ...... I ...... ] ...... D. 054 ........................ 
Col. H ]Effluent Recycle gal./cycle ....  1. 44 ...... I ...... I ...... i ............ I ............ I 1.14 
Col. tt E ffluent Recycle gal.]hr./ft.t_ 48. 7 ......  ......  ...... I ............  ...... ......  ...... 
CoL H Effluent Recycle gal./gal. V 
+P .............................. 1.0 ................................................. 
Stril010ait ga]./cyc]e ................. i ...... i ...... i ...... i ...... i ............ 238 ...... 2.38 
Strippant ga]./hr./ft.  ................ I ...... I ...... I ...... I ...... I ............ 102 ............. 
Strippant gai.]lb, ads ............... I ...... I ...... I ...... I ...... I ............ 0. 24 ............. 
Strippant gal./gal, feed .............. I ...... I ...... I ...... I ...... I ............ 4. 5 ............. 
'otal Streams In: gal./cyc .............. 1.14 ...... I ...... I ...... 0.53 ...... 2.38 1 ...... 4.05 
treams Out: 0. 34 
Percolate, gaL/cycle ................. i ......  ......  ......  ......  ...... 0.34 ...... I  - 0.68 
Adsorbate, gal/cycle ............................................... 
Strippant, gal./cycle ................ [ ...... [ ...... I ...... ] ............ ï:-'::ï--:-" 1.70 3.0: 
otal Streams Out, gal./cyc ............. I ...... I ...... I ...... ] ...... I ...... 1.67 ...... 2.38 4.05 
trippant by-passed Col. F te Col. G, 
g, al/cyc_ __ -: -: ....................... I ...... I ...... [ ...... I ...... I ...... 0.80 0.80 
o*. zi .muen Dy-passed CoL H te A, ...... ! ...... 
gal/cycle .............................. () .....................................  1. 14 1.14 
;et Volume te Stffls, gal./cycle ........................ [ ...... [ ...... [ ...... 0.87 ...... L24 2.11 

* Colunms F and H are about 180 ° F. and 100  F., respectively, at the beginning of the cycle and 
reach the tabulated value at the end of the cycle. 
 This material was the first effluent from cotunm H during the cycle and was comprised of adsorb- 
and stripping liquid. " - " - 
O,19gal,/cçl|prçductreçoveredbyditillation, Remindo eçycled, 
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Distifiation of the net eiïluents from columns 
D and H produced a highly paraffinic percolate 
fraction amounting to 65% of the charge by 
volume and a highly aromatic adsorbate amount- 
ing to 35% of the charge by volume, respectively. 
The percolate contained less than 1% aromatics 
and had a bromine number of 4. The adsorbate 
had an aromatic content of 00% and a bromine 
number of less than i. 
Comparison was ruade between an ordinary 
batch operation and cyclic operation according 
to the process of the invention. In the batch 
operation, two adsorption columns were em- 
ployed, one being on stream while the other was 
being regenerated. The kerosene distillate of 
Example I was treated by both methods, employ- 
ing adsorbate recycle in each and using isooctane 
in each as the stripping liquid. Comparison was 
made on the basis that equal yields of equal 
quality are produced at equal rates by the two 
methods. It was found that cyclic operation ac- 
cording to the process of the present invention 
had two important advantages over batch oper- 
ation. First, the adsorbent inventory require- 
ment for cyclic operation, employing three col- 
umns in the adsorption zone and rive in the strip- 
ping zone, was round tobe only 0.57 of that for 
batch operation. Second, the stripping liquid re- 
quirement in this cyclic operation amounted to 
orfly 0.21 of that for the batch operation. In 
cyclic operation, 2.2 gallons of stripping liquid 
were required to remove the adsorbate from the 
adsorbent and concurrently regenerate if for 
each gallon of percolate produced. In batch op- 
eration, the corresponding figure is 15.1 gallons 
of stripping liquid per gallon of percolate pro- 
duced. 
Cyclic operation thus presents two advantages 
of considerable economic significance. Lower ad- 
sorbent inventory means a lower iniPial outlay 
and lover replacement costs. The lower strip- 
ping liquid requirement meal-a substantial re- 
duction in the volume of material requiring sep- 
aration by distillation in secondary recovery op- 
erations. 
The present invention in its preferred modi- 
fication» as illustrated by Fig. 5, is a process which 
wfll effectively separate .any liquid mixture wiich 
is amenable to separation by preferentïal adsorp- 
tion. A plurality of solid adsorbent masses are 
utilized in the process, one group of them being 
maintained in serial interconnection constituting 
an adsorption .zone and the remainder being 
grouped in serial interconnection, constituting'a 
.regeneration zone. Feed is introduced into the 
dsorption zone and is there separated into an 
adsorbate held by the adsorbent and a percolate, 
which is recovered from the liquid euent from 
-the .adsorption zone. Th flow of feed is con- 
tinuned until the adsorbent in at least one of 
.the adsorbent msses constituting the adsorption 
zone is spent, at which rime the feed introduction 
point is moved to the next serially connected ad- 
sorbent mass in the direction of flow, and the 
spent mass is connected fo the regeneration zone 
as he last mass thereof. Meantime, a stripPing 
liquid is introduced into the fil, St adsorbent mass 
of the regenertion zone, and a mixture of strip- 
ping liquid and adsorbate is recovered, from he 
]ast adsorbent rnass thereof. When the stripping 
f the first mass .of the regeneration .zone is sub- 
stantiallF complete, the stripping liquid intro- 
'duction point is moved to he next serially con- 
nctd adsorbent mass in the .'direction of, flow, 
and he s%ripped mass is connected fo he dsorp- 

tion zone as the last mass thereof. The flow rates 
are so maintained that the movement of the feed 
introduction point and the stripping liquid intro- 
duction point may be ruade simultaneously. The 
5 process may be modified by recyc]ing a portion 
of the adsorbate to the first adsorbent mass of 
the adsorption zone or by setting up a desorption 
zone in addition to the adsorption and regener- 
ation zones as disclosed above. 
i A preferred adsorbent material is silica gel; 
however, alumina, magnesia, activated ,charcoal, 
and various sflica-alumina gel mixtures may be 
successfully employed in the process. The ad- 
sorbent particles may be as small as desired, pro- 
15 vided that they may be maintained in the adsorp- 
tion columns by filters, screens or other means, 
fiow rates being maintained by increasing pres- 
sure. 
While the process of this invention may be 
0 adapted to the separation of any liquid :mixture 
amenable to separation by preferential adsorp- 
tion, preferred feeds are kerosene distillate, diesel 
ïuel stock, lubricating oils suitably dfluted, aro- 
matic-paraffinic mixtures, olefinic-paraffinic mix- 
25 tures, and the like. Treatment by the process Of 
this invention eects de-aromatization of diesel 
fuels, de-aromatization and desulfurization of 
kerosene distillate, de-aromatization of lubricat- 
ing stocks, and fractionation of aromatic-paraf- 
3o finic or o!efinic-paraffinic, or like mixtures. An 
organic liquid mixture containing oxygenated 
compounds and hydrocarbons such as the re- 
action product of the Fischer-Tropsch or Oxo 
process may be separated by the cyclic process of 
5 this invention employing the stripping and 
generation techràclue disclosed inthe copending 
application of Cope, Serial I7o. 7,92. When a 
lubricating off is separated, the modification of 
the process illustrated in Figure 8 is preferably 
40 employed. The lubricating off is preferably di- 
luted with a saturated hydrocarbon containing 
3 to 6 carbon atoms, and the hydrocarbon em- 
ployed as a diluent is also employed as the strip- 
ping liquid in the process. 
45 The stripping liquids used in this process and 
-the quantity required in each cycle will vary with 
the type of feed stock being treated and the de- 
gree of separation desired. The stripping liquid 
chosen in each case should bave a high diffusion 
50 coefficient and should be readily separable from 
both the adsorbate and from the percolate in 
-secondary recovery operations; it is also desirable 
that the stripping liquid and adsorbate be mu- 
tually soluble, tri the event that a desorbent is 
55 used in the process, as described in reference to 
Figures 7 and 8, the percolate may be used as a 
sJrippant. 
The quantity of adsorbate recycled will vary 
-according to the composition of the feed stock 
60 and the degree of separation desired to beef- 
ected. 
The number of adsorption columns employed in 
each zone may be varied. The larger the number 
of adsorbent masses, the closer the approach to 
 true countercurrent operation. The maximum 
number would be dictated by considerations of 
economy. The adsorption columns are so con- 
nected that any desired column or columns may 
be ellminated from the flow pattern by changing 
70 the line connections. This may be done for the 
purpose of repair, severe regeneration of adsorb- 
ent, or process control. 
The secondary recovery separations of adsorb- 
ate-stripping lîquid, percolate-stripping liquid, 
' desorbent-stripping liquid, and desorbent-adsorb- 
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ate mixtures which may be necessary in the pres- 
ent process and the indicated modifications there- 
of may be effected ordinarfly by distillation; 
however, any conventional separatory process 
may be employed. 
Temperature and pressure may be varied as 
desired to increase the eflîciency oï the process. 
Since the rates at which the several equflibria 
involved in the process are attained increase with 
temperature, it may be desirable to operate at 
an elevated temperature in some or all oï the 
sorbent masses in the system. Temperature in 
the individual adsorbent vessels may be con- 
trolled by circulating steam or a coolant through 
a jacketed exterior zone, or by preheating or pre- 
cooling the liquid being introduced into the indi- 
vidual adsorbent ,masses. Feed stocks of high 
viscosity may be dfluted prior-to treatment in 
order to lower viscosity and increase diffusivity. 
Provision may be ruade to take side cuts ïrom 
some oï the adsorbent masses with a view to 
decreasing the volume of liquid required tobe 
handled in secondary recovery operations. 
Whfle the flow patterns described above ïor 
use in this process and the indicated modifica- 
tions thereoï are adequate for the separatory 
treatment of most feed mixtures, itis obvious 
that various changes .can be ruade in the flow 
patterns and also in the operating conditions 
without departure from the scope of the appended 
claires. 
We claim: 
1. In a process for the separation of liquid 
petroleum stocks amenable to separation by pref- 
erential adsorption oï one ïraction oï the stock 
on a solid adsorbent, the method which comprises 
utilizing in cyclic operation a plurality oï units 
oï flxed solid adsorbent masses disposed in at 
least two serially interconnected groups in each 
cycle, one group constituting a feed separation 
adsorption zone and the other a feed adsorbate 
stripping zone, concurrently in each cycle passing 
a liquid petroleum feed into one terminal adsorb- 
ent mass unit oï the adsorption zone to separate 
an adsorbate comprised oï the preferentially ad- 
sorbable ïraction of the feed and withdrawing 
ïrom the other terminal adsorbent mass oï the 
adsorption zone a liquid composed of the residual 
non-preferentially adsorbable fraction oï the ïeed 
until adsorption is complete in the ïeed inlet 
terminal mass, and passing into one terminal ad- 
sorbent mass of the stripping zone a stripping 
liquid to remove from the adsorbent the adsorb- 
ate separated in previous cycles oï operation, 
thereby regenerating the adsorbent for re-use and 
withdrawing ïrom the other terminal adsorbent 
.mass oï the regeneration zone a mixture com- 
prised of the stripping liquid and the adsorbate 
until stripping is complete in the inlet terminal 
mass, initiating successive cycles of operation by 
moving all points oï liquid introduction and with- 
drawal in the several adsorbent masses oï each 
zone to the next serially connected adsorbent 
mass in the direction oï flow in such zone and 
connecting the inlet terminal adsorbent mass oï 
each zone, into which liquid is introduced in one 
cycle and the operation therein completed to 
the other zone to constitute the terminal adsorb- 
ent mass ïrom which liquid is withdrawn in the 
succeeding cycle. 
2. In a process for the separation of liquid 
mixtures amendable fo separation by the preïer- 
ential adsorption of one fraction oï the mixture, 
the improved cyclic method which comprises in 
each cycle providing a plurality of unit of solid 

adsorbent masses in two serially interconnected 
groups, one group of units constituting a feed 
separation adsorption zone and the other a ïeed 
adsorbate strippant zone, concurrently in each 
5 cycle introducing into a liquid inlet disposed 
in one terminal adsorbent mass oï the adsorp- 
tion zone a feed mixture to separate in said 
zone an adsorbate comprised of the prefer- 
entially adsorbable fraction of the feed until ad- 
10 sorption is complete in the feed inlet terminal 
mass, and passing into a liquid inlet disposed 
in one terminal adsorbent mass oï the regenera- 
tion zone a stripping liquid to regenerate the 
adsorbent of said zone and remove the adsorbate 
15 separated in previous cycles oï operation there- 
ïrom until stripping is complete in the inlet 
terminal mass, removing ïrom a liquid outlet dis- 
posed in the other terminal arsorbent mass oï the 
adsorption zone a liquid comprised of the resid- 
20 ual non-adsorbed fraction oï the feed and strip- 
ping liquid resident in said zone at the termina- 
tion oï the preceding cycle, removing ïrom a 
liquid outlet disposed in the other terminal ad- 
sorbent mass oï the stripping zone a liquid com- 
2 prised of stripping liquid and adsorbate, initiating 
successive cycles of operation by moving all points 
oï liquid introduction in the several adsorbent 
masses of each zone to the next serially connected 
adsorbent mass in the direction of fl0w in such 
30 zone and connecting the inlet terminal adsorb- 
ent mass oï each zone in one cycle oï opera- 
tion fo the other zone to constitute the ourlet 
terminal adsorbent mass thereoï in which the 
operation is complete at the end oï the next suc- 
35 ceeding cycle oï operation. 
3. The method as described in claire 2., wheré- 
in the liquid ïeed mixture is a petroleum naph- 
tha. 
4. The method as described in claire 2, where- 
40 in the liquid feed mixture is a kerosene dis- 
tillate. 
5. The method as described in claim 2, where- 
in the liquid feed mixture is catalytically re- 
formed naphtha. 
45 6. In a process ïor the separation oï liquid 
mixtures amenable to separation by preferen- 
tial adsorption oï a fraction oï the mixture on 
a solid adsorbent the improved cyclic method, 
which comprises in each cycle (1) percolating 
0 a liquid ïeed through one group oï serially 
terconnected solid adsorbent mass units con- 
stituting a ïeed separation adsorption zone to 
separate an adsorbate comprised oï the prefer- 
entially adsorbable ïraction of the feed and a 
5 percolate comprised oï the residual non-adsorbed 
fraction of the feed, and (2) passing a stripping 
liquid through another group oï serially inter- 
connected adsorbent mass units constituting a 
regeneration zone fo remove from the adsorbent 
60 the adsorbate laid down in previous cycles oï 
operation and to regenerate the adsorbent, simul- 
taneously continuing the flow of the process 
liquids through said zones until the respective 
operations occurring in the inlet terminal mass 
6 unit are complete, and conducting successive 
cycles of operation by successively regrouping 
the adsorbent mass units comprised in said 
zones by altering the liquid flow interconnections 
therebetween and the points oï liquid introduc- 
î0 tion fo and withdrawal ïrom said units in a man- 
ner adapted to cause each oï the adsorbent mass 
unit fo progress by relative motion countercur- 
renç fo the flow of liquid through the zone in 
which it is initially disposed and through the 
75 other zones at a rate oï one adsorbent mass unit 
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.position per cycle away from its position rela- 
tive fo the liquid ourlet of the zone in which it 
is disposed and to return, in a system of x ad- 
sorbent mass units, during the X+I cycle to 
initial relative position. 
7. In an adsorption separation process where- 
in aliquid feed mixture amenable fo separa- 
tion by preferential adsorption is separated by 
contact with a soiid adsorbent into an adsorbate 
comprised of the preferentially adsorbable frac- 
tion of the feed and a percoiate comprised of the 
residual non-preferentialiy adsorbable fraction 
of the feed, the improved cyclic method which 
comprises maintaining in each cycle a feed sep- 
aration adsorption zone consisting of a group 
of serially interconnected solid adsorbent masses 
a gradient concentration of adsorbate on the 
several adsorbent masses which decreases in the 
direction of feed flow within said zone, said feed 
being introduced into the flrst and a percoiate 
being withdrawn from the last adsorbent mass 
of sald zone; maintaining in a regeneration zone 
consisting of another group of serially intercon- 
nected solid adsorbent masses a gradient con- 
centration of adsorbate on the,several adsorbent 
masses which increases in the direction of striP- 
ping liquid flow in said zone, said stripping ]iquid 
being introduced into the first and a mixture of 
stripping liquid and adsorbate being withdrawn 
from the last adsorbent mass of said zone; con- 
tinuing the described fiow of feed and stripping 
liquid until the concentration of the adsorbate 
on the flrst adsorbent mass in the adsorption 
zone and on the flrst adsorbent mass in the re- 
generaion zone reaches a substantially constant 
value; thereupon initiating each succeeding cycie 
of operation by regrouping the adsorbent masses 
in such manner that the flrst adsorbent masses 
of the adsorption zone and of the regeneration 
zone become, respectively, the last adsorbent 
masses of the regeneration zone and the adsorp- 
tion zone and moving the points of introduc- 
tion of the feed and stripping liquid fo the next 
serially connected adsorbent mass in the direc- 
tion of flow in their respective zones of introduc- 
tion. 
8. In an adsorption separation process wherein 
a liquid feed mixture amenabie to se!oaration 
by preferentiai adsorption is separated by con- 
tact  With a solid adsorbent into an adsorbate 
cmprised of the preferentially adsorbable frac- 
tion of the feed and a percoiate comprised of 
the non-preferentially adsorbable fraction of the 
feed, the improved cyclic method which com- 
prises in each cycle maintaining a group of 
seriaily interconnected solid adsorbent masses 
constituting a feed separation adsorption zone, 
recycling to a liquid iniet situated in one ter- 
minal adsorbent mass of said. zone previousiy 
separated ads0rbate, introducing into a liquid 
iniet situated in an intermediate adsorbent mass 
of said zone a liquid feed, and recovering af a 
liquid outiet situated in the other terminal 
sorbent mass of said zone a percolate; maintain- 
ing in the saine cycle another group of serially 
connected adsorbent masses constituting a re- 
generation zone introducing a stripping liquid 
into a liquid inlet situated in one terminal ad- 
sorbent mass of the regeneration zone and re- 
covering a mixture of stripping liquid and ad- 
sorbate ai a liquid outlet situated in the other 
terminal adsorbent mass of the regeneration 
zone; continuing the flow of the process liquids 
until the respective operations occurring in said 
inlet and intermediate units are complete, and 

initiaking each successive cycle of operation 
regrouping the adsorbent masses in such man 
ner that the inlet terminal adsorbent masses of 
the adsorption zone and regeneration zone in 
5 one cycie become» respectively, the ourlet ter- 
minal adsorbent masses of thé regeneration zone 
and adsorption zone in the next sucCeeding cycle 
and by moving all liquid inlet points in each 
zone to the next serially connected àdsorbent 
l l mass in the direction of flow. 
9. The process as deflned in claire 6, Wherein 
the.liquid feed is a petroleum naphtha. 
10. The process as deflned in claire 6, wherein 
thë liquid feed isa Càtalytically reformed naph- 
15 tha. 
11. The process as deflned in claim 6, wherein 
the liquidfeed is a gas-oil fraction, and wherein 
the lerc01ate fraction of said feed has a cetane 
ntimber Sùbstantlally higher than the original 
2O gas-oil fraction. 
12 The procesS as deflned in claire 6, wherein 
the liquid feed is a kerosene distillate. 
13. Inan adsorpti0n sepration process Where- 
in a-liquid feëd mixture is separated by contact 
25 with a solid adsorbent into an adsorb.ate com- 
prised of the preferentially adsorbable fraction 
of the feed and a percolate comprised of the 
non-preferentially adsorbable fraction of the 
fëed, tlie .improvêd cyclic method which coma 
0 prises maintaining, a group of solid adsorbent 
masses in serial interconnection constituting a 
desorption zone, passing a desorbing liquid for 
which the adsorbent shows a greater adsorptive 
preference than that shown for the CsÙrbate 
35 into one terminal adsorbent mass of the desorp- 
tion zone .and reCovering a mixture of desorbing 
liquid and adsorbate from the other terminal 
adsorbent mass of the desorption zone; main- 
taining another group of seria]ly interconnected 
40 adsorbent masses constituting an àdsorption zone, 
passing previously recovered adsorbate into the 
first terminal adsorbent mass of the adsorption 
zone and a liquid feed into an intermediate 
sorbent mass of said zone and recovering from 
45 the ast adsObent mass of said zone a liquid 
comprised of the percolate fraction of said feed; 
maintaining another groUp of solid adsorbent 
masses In serial inter,orme,tion constituting a 
regeneration zone, passing into the lrst terminal 
0 adsorbent mass of the regeneration zone a strip- 
ping liquid and recovering from the las terminal 
adsorbent mass of said zone a mixture of strip 
ping liquid and desorbing liquid; and înitiating 
each successive cycle of operating by altering 
55 the interconnection of the several ads0rbent 
masses to regrop them in a manner adapted 
to Cause each of the adsorbent masses fo progress 
by relativë motion countercurrent fo the floïv 
of liquid through the zone in which it is situated, 
60 and thën thr0ugh the other zones ata rate of 
one adsorbent rnass position per cycle and to re- 
turn, in a system of x adsorbent masses, durïng 
the X-I cycle fo ifs relative position in the lirs 
cycle, said relative motion being such that the 
 adsorbent masses rnove from the ads0rption zone 
fo the desorption zone to the regeneration zone 
and then back to the adsorption zone. 
14. The method as described in Claire 7. 
wherein the desorption zone consists of one 
70 adsorbent mass. 
15. In a process for the separation of liquid 
feed mixtures by contact with a solid adsorben 
into an adsorbate comprised of the preferentiaiiy 
adsorbable fraction of the feed and a percolate 
75 comprised of the non-preferentially adsorbable 
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fraction of the feed, the improved cyclic method 
which comprises maintaining in each cycle an ad- 
sorption zone, a desorption zone, and a regenera- 
tion zone, each zone consisting of a group of se- 
rially interconnected solid adsorbent masses, the 
first terminal adsorbent mass of each zone having 
a liquid inletand the lastterminal adsorbent mass 
of each zone having a liquid ourlet, passing a 
feed into the inlet of the adsorption zone and 
recovering a percolate at ifs ourlet, passing a 
desorbing liquid into the inlet of the desorp.tion 
zone and rec0vering a mixture of desorbing liquid 
and adsorbate af ifs ourlet, passing a stripping 
liquid into the inlet of the regeneration zone and 
recovering a mixture of stripping liquid and de- 
sorbing liquid af ifs ourlet, and initiating each 
successive cycle of operation by moving the liquid 
inlet of each zone to the next serially connected 
adsorbent mass of the zone, and regrouping the 
several adsorbent masses in such marmer that 
the first terminal adsorbent massesof the adsorp- 
tion zone, the desorption zone and the regenera- 
tion zone in one cycle of operation become, re 
spectively, the last terminal adsorbent masses 
of the desorption zone, the regeneration zone, 
and the adsorption zone in the next succeeding 
cycle. 
16. The method as described in claire 15, 
wherein the liquid feed is a heavy gas-oil fraction. 
17. In a process for the separation of liquid 
feed mixtures by contact with a solid adsorbent 
into an adsorbate comprised of the preferentially 
adsorbable fraction of the feed and a percolate 
comprised of the non-preferentially adsorbable 
fraction of the feed, the improved cyclic method 
which comprises maintaining in each cycle an 
adsorption zone, a desorption zone, and a re- 
generating zone, each zone consisting of a group 
of serially interconnected adsorbent masses, pass- 
ing through the adsorption zone a feed liquid 
to separate the adsorbate and recover the ef- 
fluent percolate, passing through the desorption 
zone a desorbing liquid and recovering there- 
from a mixture of desorbing liquid and adsorbate, 
and passing through the regeneration zone a 
mixture of stripping liquid and desorbing liquid; 
and initiating successive cycles of operation by 
regrouping the several adsorbent masses fo start 
each new cycle in a manner adapted fo cause 
each adsorbent mass to describe a relative mo- 
tion countercurrent fo the fiow ofliquid such 
that each adsorbent mass progresses counter- 
currently through the zone in which itis situ- 
ated in the first cycle and then countercurrently 
through each of the other zones, returning in 
a system of X adsorbent masses during the 
X÷I cycle to ifs relative position in the first 
cycle, said relative motion being such that the 
adsorbent masses more from the adsorption zone 
fo the desorption zone to the .regeneration zone 
and back to the adsorption zone. 
18. The method as described in claire 17, 
wherein the liquid feed is a petroleum lubricating 
off admixed with a light hydrocarbon diluent. 
19. The method as described in claire 17, 
wherein the liquid feed is a petroleum lubricating 
off admixed with a light hydrocarbon diluent, 
and wherein said light hydrocarbon diluent is 
employed as the stripping liquid. 
20. The method as defined in claire 17, where- 
in the liquid feed is an organic liquid mixture 
comprising oxygenated organic compounds and 
hydrocarbons. 
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21. The method as defined in claim 2, where- 
in the feed mixture is introduced into the ad- 
sorption zone ata rate sufficient to establish in 
the interstitial liquid in said zone a gradient con- 
5 centration of unseparated adsorbate which de- 
creases in the direction of fiow and which ex- 
tends through at least tw0 adsorbent masses of 
said zone. 
22. In an adsorption separation process where- 
10 in a liquid feed mixture amenable to separation 
by selective adsorption is separated by contact 
with a solid adsorbent into an adsorbate and 
a percolate comprised of the residual non-pref- 
erentially adsorbable fraction of the feed, the 
15 improved cyclic method which comprises in 
each cycle the stage (1) oï introducing a liquid 
feed into the first of a group of not less than 
three serially interconnected solid adsorbent 
masses constituting a feed separation adsorption 
20 zone to separate an adsorbate comprised of the 
preferentially adsorbable components of the feed 
and fo establish in the interstitial liquid in the 
adsorption zone a gradient concentration of 
sorbate which decreases in the direction of feed 
25 fiow within the zone and which extends through 
af least two of the adsorbent masses of said zone, 
withdrawing a percolate ïrom the last adsorbent 
mass of said zone in the direction of fiow, any 
stage (2) of introducing a liquid into the first 
30 of another group of serially interconnected solid 
adsorbent masses constituting a regeneration 
zone to remove previously separated adsorbate 
from the adsorbent in said zone and withdrawing 
a mixture of adsorbate and said liquid from the 
35 last mass oï said zone in the direction of fiow, 
continuing the described fiow of Ïeed and liquid 
until the concentration oï adsorbate in the 
terstitial liquid of the first or feed inlet adsorbent 
mass of the adsorption zone is substantially equal 
40 to its concentration in the feed and until the 
adsorbate has been substantially completely 
moved from the first adsorbent mass of the re- 
generation zone; thereupon initiating each suc- 
ceeding cycle of operation by regrouping the 
45 adsorbent masses in such manner that the first 
adsorbent masses oï the adsorption zone and of 
the regeneration zone become, respectively, the 
lastadsorbent massesof the regeneration zoneand 
the adsorption zone and moving the points of 
50 introduction of the feed and liquid fo the next 
serially connected adsorbent mass in the direction 
of fiow in their respective zones of introduction. 
CIK J. 
JOHN W. SCOTT. 
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